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1. SUMMARY 


This program has continued the evaluation of two unique GEM 
cefiimuraticons (difruser-recirculation and dirfuzer-plenum) conceived by 
ehis contractor and originally disclosed in Reference 1. The prime 
emphasis under this contract tas been te investipate and document the 
performance and statility characteristics cf the two concepts, and to 


determine means cf achicving the required positive stability charactor- 
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istics, She Tiv*isy“ etvieciency, the diffuser efficiency, the diffuser 
pressure rise angie -eetinuity narameter, wiich 1s the ratio of diffuser 


exit flow te the Slow suerlied to the diffurer. 
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é. INTRODUCTION 

Hiller Aircraft Coro., under this program, has investigated 
"wo T&M concepts (diffuser-recirculation and diffuser-plenum) which 
have cotential for act leving elticten’, high-sreed transrortation. as 
stvinally conceive, (Ref. 1) both of these concents operate in part 
AS open tiroat wind tinnels where the sealed cericheral sap represents 
the tunne] “rest section". The uiffuser-recireulation concept may be 
thought of as a “return-tyre" tunnel, i.e., no working Sluid loss md 
fan pressure ciae equals gressure losses in she circu!t. The ciffuser- 


plenum concept say bé thought of asia “"nonereturn-type" tunnel. Soth 


The (ff eoreratire station concert is the ultimate in hover- 


5 e +4 se Vee { ; ig ‘ ae 
ing wf fency zero rower din the ideal cai. This assumes zero friction 


and working fluid Tora. Friction losses are unavoidahle, but with 


affistent Gbct. end hit fuser ten the cesultant hovering rerformance is 
sirerior to conventi: nal systems. 


ane divfuser-plenum concert sioes not conserve its baste jet 
energy, Sut t*% mass Slow requlrements are considerably lower tran in the 
recirculating concert necause the air surrly seals the reripheral gar 
twice, as influx and as -f*lux. In fef. 1] it is shewn to be theoretical- 
ly rossible to reduce its mass “low to one-third that cf the conventional 


fpr 


rJenum-annular nozzle = 1) or the dif*user-recirculation concept. ) 
This concept also has the advantage of an unbalanced reaction in the for- 


ward direction, wt ich rrovides a propulsive force as a free byproduct of 


the lift-producing system. This combination results in slightly superior 


performance ‘than that obtained with ghe diffuser-recirculation concert. 


dea | Sescription of Concepts 


The hovering rerforsance expressions, wich are Summarized 
in Fig. 2, were derived “or the 21f°.ser-recirculation concert, the 
d{ffuser-plenum concept, and ‘he conventional plenum ecncept, and origin- 
ally presented in Reference 1. The derivations are ziven in, the appendix 
fF Reference 1. These expressions teseriie the req.tred fan cressure rise 
wd mass flux carameter for hovering Flight at the vtestgn point in terms of 
the planform loading ‘1,/4_), the asnoc!ated loss coefficients, and other 


rertinent variables. It will be noged that the masa Slux parameter {s, 


in act.ality, the quantity of flow rer unit of sealed gap area. The air 


Horsepower rarametor, which Sruperly comgares the systems, is the product 
e 
yf the Tan pressure rise and ma@s Slag rarameter. 
soa WPA He fuser-secirculatascs Gontest ‘ 
ee 


In the analy*4s of thts concart, the entire sap or diffuser 


inlet is agsumed {© be ovactiy frlled byw the horizontal jet, i.e., the 


static rress.re acryss the zap [s enw] to ambient cressure. The iat is 


é 
‘hen diffused yetween ene sroind susfage and lower surface of the EM to 
nvert its kinetit¢ energy ‘dynamic rressure) to potential energy (static 


rressiure), Fi. 1. This static pressure is arrlied over the basé area to 


erocuce the lift ‘cree Air from the rress:rized zone is then recirculated 


by a small pressure boost with the fan to overcome ‘he friction losses 


and the slight residual velocity head loss due to the finite expansion ratio 


of the diffuser. (The assumption that residual velocity is a complete 


loss may be overly conservative, 


his analysis showed that the ncert areroached the ultimate 


in lift effectiveness in ‘he ideal case ‘:0 rressure cise required once ; 
: ir-ulation is estalished) ty virtue of the fact teat the fet energy is 
sserved. Mose se, the ma “luy reguired equals that of the convent! nal 
slenum chagver conficummiton in the teal case, In veneral, the ideal 
re se Se 8 in wrich there are no “riction losses, the escaping- 
Ss Ones fhe t=*9 ‘ Z os mans ae invint*e jee ser axpane 
oR ,» $2 4s a tem eerie ise “hav cBalsauisy 
MLN RENO Us 2 teas a ae g one vcr inflsx., Howev My. eh 
orga? ’ cS asp gee, oncar’, St te Myely "hatiaane-ur ate will 
o: . : yoan an ary “an tnstalled ti 
intr Pee rcs | 1k Lees : rize* zon» from the am>fent. another 
Vat aE SO! F : inet) AE CROCE COS Ti. 
° ec vie be ie i. NCH, ‘ 
“ ~ hee 
Sxamination of the expres ty. ¢) derived for *his con- 
rt rey that che ca TArAmotos ft e the’ required for the con- 
ventional plenum cancert shen ‘ce resirheral gir ts flowing full (contraction 
: shes iicient oan . the required fan rresrura cise has been increased 
arrroxima’ely by she factor o® cne minus the sum of the loss coefficients 


ee KO) r to the same value as the conventional rlenum concert. Further 
¢ 
examination of *he exrression in Fis. 2 indicates that if means are em- 


nloyed to reduce the outlet gap contraction coefficient to 0.5 in hoth 


concepts, the mass flux parameters of the diffuser-plenum concent are 


reduced to 1/3, and the conventional plenum chamber is reduced to 1/2 

f that which results from the pericheral gap of the conventional plenun 
concept Slowing ul) (C. © 1). 

In addition to the advantage of a reduced mass Tlux, a 

horizon’al prorulsive thrust is obtained from the unbalanced rortion of 

the escaping Je: that opposes the diffuser tnlet. This thrust tg a free 
by-product of the lift-producing system. Veferring to the expressions 
of Fie. 2 in the fueal) case (CC © 1), amd with uniform ground clearance, 

the thrust i- equal to twice the clanfors loading aultinlied by the 
unbalanced area. as may de seen by examination of tha exrression in Fig. 2, 
tha effect of the contraction coefficient {is % decrease the horizontal 
“feurt wide *he loss co-f"tclent effact ts-nlie fhe secsctlon: in. sass 
PeOCmGLse nN OF Tree Sorwara  hrust,) mid stilization of the high 
Wqlocity sir eilrectly from the fen without crior aiffuston amd contraction 


give this cencert the rotenttal for imrroved performance over existiny 


Five. Vgresents graphically the hovering performance ex- 
rressions of Fig. 2. The urrer rlot shows the required “an pressure rise, 
the mid:le rlot »ives the mass “lux rarameter, and the lower one indicates 
the air horserower per unit sealed ap area. Thise parameters are plotted , 
versus the planform loading. 

The shaded areas indicate ‘he rrobable rerimes of the specified 
cycles. The curved arrows represent the regimes of the annulz nozzle con- 

. 


figuration. The data noints indicate the results of the work which formed 


the basis for this ONR program. 


a DISCUSSION | 


= 


Hiller's cre-contract work srovided adequate documentation 


| 
1 of the hovering rerformance of the ortginal concepts considering the 
state-of-the-knowledge of the stability characteristics at the beginning 
| f tha progran, neoquently, the major effort uncer this contract has 
e 
| seen directed toward investivation and documentation of the stability 
: characteristics of the two concerts in hover and forward flight, and 


the attainaent of the required positive stability characteristics. More 

complete hovering gerfi rzance was obtalned as a by-product of the | 

stab'lity inves*specion. 
An experimental study was cond icted using two-dimensional 

models with toth Sree-“loaing wad “ixed ground boards ‘Tivs. i through 

7), am three-aimenstonal GEM models rowered by model airplane engines. 

“he most sorhisticated mcde] (DP-72) 1s shown in Figs. & through 1]. Anr~ 


propriate mathematical analyses were made in surrort of the experimental 


TrOgPaMm. 


- aed voncert Modificaticns 
Four concert modifications were evaluated in this study. They 
are listed helow with thei: sreci“ic contributions to the stability of 
' ; 
the system and are illustrated in Fig. 9. 
: 1. Fors#ard Lip Droop 
Forward lin droop rrevents the diffuser inlet ' 
| . from completely closing when the ground clearance 


goes to zero. This insures uninterrupted flow to the 


plenum chamber. 


é. Initial Jet Angle 
The initial jet angle controls the jet's lift 
reaction which contributes to positive stability, 
and also controls, ‘o 4 large extent, the amount 
f reverse Slow. 


i Tene 


Station of the Diffuser Inlet 


“he ventilation of the -iffuser inlet greatly 


> 


recnuces the negative base rcressure venerated 
oy lprnoulli®s affect when the dif‘user Inhet 


feor elow the he{yht ecual to the inicial 


fet thickness. 


~ 


en eels Ss weometry 
e 


A teratling flap applied to the exit zap of the 
diffuser clenum configuration produces 4a very 
stable «lement at that roint, and eliminates 


unstable coupling between the diffuser inlet and 


V2 Diffuser fSlenum Concept 


The initial omphasis was nlaced on the achievement of suit- 


able stability characteristics with the dif‘user rlenum (DP) concept 


because of its rotential in forward flight. 


sere Two-Dimensional (2-D) Program 
CR ORS Experimental Apparatus and Procedures 


The two-dimensional or comnonent. model used in these tests 


was supplied with alr by 71710 Allison superchargers as required to 
maintain a ase pressure (diffuser exit pressure) of 20.8 psf. This 

value was saintained throughout the test rrogram. Fig. ja shows ‘he 

manic comrorent model. The model was tested in an inverted attitude to 
permit qualitative stability observations with a Sloating yround board. 
Tho ‘orward lip sh wn installed in this Sivure gives an initial jet 

angle (@) of 90°. “dp, |; shows the mode] ins*alled on the air surply 
suct. The test technician is ad‘unting the Sorward lip droor with the 

"9 = 01°" Sorward lip installed. Fiy. * shows the model and the manometer 
rane] with cata cecording cwmera at the far right. 

A standara :*arp-edged orlfice was used as the primary flow 
meter in the surrly duct urstream of the motel. The necessary pressure, 
temperature and area measurements were sade to determine accurately the 
Slow rate of air surplied to the sodel. The total surply pressure 

Dat which represents the required fan *cta! discharge rressure, was 
measured upstream of the jet nozzle (at “loor level in Fig. I:) in the 
lé-inch-diwreter currly duct. The total exit rressure ge WAS measured 
downstrem of the sharp-edged outlet gap of the model. A total pressure 


4 


probe se was installed forward of the model to indicate the vresence 
£ reversed flow from the inlet. Fiz. 12 locates these roints of measure- 


ment. In the first 2-D test series only model hase static nressures were 


determined; in the second 2-D series both ground plane and model base 
static pressures were measured. The static rressure tap locations are 


shown in Fig. le. 


All pressures were simultaneously recorded photographically. 


A typical photo is shown in Fig. 13. The pressure distribution data 


was reduced to useable form by projecting the photographed data direct- 
| ly on graph paper of the proper scale. The image was then traced on the 
graph paper for further analysis, and cressure-area calculations were 
made for the determination of pitching moment and generated lift. These 
tracings are rresented in Appendix 2. 

The model exit gar was calibrated as a flow meter under 
actual test conditions so shat mass Slow lost either by reversed flow at 
the diffuser inlet or by venting could be determined. The calibration 


{is tabulated below: 
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r | 
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This tabulation stows an unusual characteristic in that the flow coef- 


h 
ficient drops to an abnorma) value at + of 0.0336. A study of the 


static pressure distribution at this test condition reveals that such 
a coefficient can be attributed to the highly turbulent flow which exists 
in the plenum charber, 

Fig. lu rresents, for co’ venience, the relationships between 
rear pap clearance am ground clearance at the various test conditions. 
This f:gure also reraits correlation to be made Setween the discharge 

4 : 
roeffictents and 5 the front ground clearance, 


ha 3 
he primary n0z 


te 


at th: design condition) were (.75 tn. (4) by 2%.3 dn. The 0.75 dimen- 
Sion rerrenents the cide wall area, and the 10.) dimension the ground 

ard area, Since the former dimension was much less than the 1€.3 inch 
timension, side wall effects were nepglisi’ le. (Cne side wall was ccnstruc- 
<ed of Formica and the other of Plexiglas to reduce side wall friction 
further. The model base wa: nstructed of aluminum and finished wi th 
1, erit, wet-oredry sarer; the ground >card was constructed of unfinished 
plywood. The ri,id ground hoard show in Fiz. lh was uned !n quantitative 
fixed »round ‘ard te: A lishtweight, loosely fitting, floating ground 

ard was used in the test: nducted for a qualitative appraisal of the 
stability characteristics. 

The rear par has A was set to ,ive the minimum reverse or 
pumping, Slow at each basic test condition (¥//, @, vented or unvented) 
h+Y "eae 

with the difuser inlet height (—-) enual to the initial jet thickness 
(G/?). This flow condition was monitored by the ee probe and flow vis- 


ualization techniques. This value of h. was used in each pitch case, and 


—— 


{s the starting point for each heave case, 


Sees lee Experimental Progran (2-D) 

The initial series of two-dimensional tests, using a free- 
floating ground board, wire largely qualitative in nature. This series 
indicated that strong negative stability ‘ritch and heave) character- 
tstics existed at the diffuser inlet. In an attemrt to overcome this 
rroblem, the effects of venting the diffuser inlet to atmospheric rres- 
sure and of manirulating forward lip yoometry were evaluated. sith the 


rround biard fixed, mode: base s.rface ¢ressure distributions were 


btained for various front lip geometries, with ani without ventilation 


of the diffiser inlet, alony with the cther data mentioned in fsrevious 


a | 
aoa 


raragrach 35 a) ° e 


This test series indicated that mantrulation cf the forward 
lin geometry (that ts & and ¥, see Fiy. 10) and venting of the diffuser 
inlet tended tunlitatively to result in desiranle stability character- 
istics. However, detailed analysis of ‘the mode] base rressure distri- 
‘nitions failed to surrort this observation. It is helteved that this 
contradiction was due to the lack of detailed knowledge of the orimary 
jet contribution. The qualitative observations made in this test series 
gave sufficient encouragement to Warrant the construction of a small 
three-dimensional model using the diffuser-nlenum concept and incor- 
porating the geometry evolved from the two-dimensional tests. The re- 
sults of model (DP-3) tests are discussed in detail in paragraph 3.2.2. 

The second test series added considerably to the knowledge 


of the concept. The notable difference between this series and the 


10 


previous series was that this serfes seasured both the mode] base and 
ground plane static rressures, whereas the previous measured only the 
mode] base pressures, The ground plane static cressures include the 
effect of the crimary fet. In this series two different modes of ofera- 
tion were studfed: in the first, the ground plane was adfusted to 
simulate heave ancve and telow the basic h wma he sescribed in paragraph 


3.2.1.1 (Keave Case), and in the second, the exit yap area (a. WAS 
maintained at a corstant value ‘i,e., the ground clane was pitched about 
the exit flan of the alffusereplenum concept - Pitch Case). This latter 
fase {s also arriierdle two the diffuser-recieculation case. The data wil) 
be sad from the viewroint of the diffuser-recirculation concept in 


rAararrach: 3.3. 


hate) ata Presentation ‘ntlosophy [2-0) 

The 2-: data aralysis chilosorhy is as follows: The dif- 
fuser sy tem war consi tered as the means o% sealing the perirheral ap 
around and heneath a T&M of any base area; the comronent model is a two- 
dimensional slice of this edge seal. The diffuser-plenum model's exit 


é 


yan represents the total exit area of a three-dimenstonal configuration, 


wich may have this exit area distributed over 3 sides of the vehicle 
derending on the detail :esign. 
In the test rrogram the air power inrut to this edge seal 
was varied (and measured) as required to achieve 4 constant diffuser 
static exit pressure (i.e., base rress:re) of approximately 20 psf 


(l) inches of water) over the range of ground 4learance tested with the 


various geometrical variations. 


1d 


All of the 2-D data presented is plotted against the ground 
Clearance h/? measured at the forward lip (see Pig. 12). In addition, 


selected data is plotted against the diffuser inlet ground clearance 


(hey 
oe to semonstrate the general dere:ndence of the srecific data on this 


parameter, Al) data is :resented as a function of the “orward lip 


droan, (Y¥//) and initial ‘et anvle, @. Also included as reference for 


each basic data parameter ‘citching moment, ciffuser effictency, etc.) 


‘ {fs a similar cisve of the basic data varameter for the unmodified con- 
cent (i.¢., G@ = "0, /? = 0, unvented ci ffiser). 
The relationship between the i{sera{onless ground clearance , 
(h/P*) and the dmensfonlens forward Mir dreap (2/7); 2fcr > - : ‘the 
’ design rcint), {s tabulated below: 
v/? h/? Cor ae aa 
031) 
F e Lah e ee7 
-0170 eG yt 


It will be ncticed that the various data will tend to become optimum 
at these aorropriate values of greund clearance. 

; Thaosicchane moment is taken about the arrarent diffuser exit. 
the aprarent diffuser exit is defined as that point along the diffuser 
where the static rressur equals 95 percent of the exit static or base 
pressure. This point wis established at the test condition requiring the 


preatest diffusion length, and was maintained constant throughout the 


data reduction. ,To non-dimensionalize the nitching moment, it is referred 


Ak 


——— a | 


oe 


yo the diffuser length (7), witch ie the “estange from the apparent dif- 
fuser exit to the point representing the *ferward edge of the diffuser 
inlet vent, amd ‘a Une 1h6% feree generated by the diffuser. The sense 


of the sopent {is conventional: rositive, nose up. (Refer to Fly. 12). 


Weel ets Discussion of Reselts /2-! 
Jeo qdoel «6S iffuser Pitching Moment 


The scn-eaimenstoralized form of the pitching moment, which, 


tn of feos, in the center-ofepressure location forward of the reference 


ve 


* eVe 


polut expresge@ an a fraction ef the u.f user length, /, {8 presented for 


she heave case in Fig. 15 and for the ritch case in Fig. 22. Notice in 


the heave case, with @ © », that the offect of venting becomes apparent 
at Yow sround clearances, Forward lir droop has no aprarent significance 


reer oe 2 
at & = 50 or at the other viluas of @. Further examinaticn of Fig. 1 


e 


insieates Smrroved stahility due to decrease {im jet angle. These 


resul@s ase contrary to the sualitative ohservationg which indicated that 
leading edre droop ental to a minimum of 40 percent of the initial fet 


thickness was reqitred ta ahieve rositive @tabklity throughout the entire 


operating regime. The same peneral trends are seen to hold fer the nitch 


ence (Fis. 22 


. 


V.2.16.2 oiffuser Lift Effectiveness a Heave Stabllit 
Me igfuser lift effectiveness @ipves degeribe two character- 

dsties. First, the lifting efficiency of the difsuser is expressed as a 

ratio of its geaerated Jift to the lift which would be preducad Lf the base 


pressure (diffuser exit static nressure) wer@ applied to the entire : 


ClfMuecs area. Sc@ard, Wt deackibes the aseva staatlity of the ilfe 


Sawer seerdoen where she cenoadnator of he effegtive ratio, (y=) 
Le 


318 De Sonedtered the recuized lift, since We base pressure im) 4g 
held Constant, Tre meave case ts rresenteg 4m #3e. lo and the piteh 
caso in Fig, 23. Study of those figures #12 snow ventine effests 
eisilar to thase seen on the pitching momen® cagwasterdatias dicouered 
reviously for @ *© 90°, Tne effect of © te not the same es on the 


pitching moment charactertstic. The veneral effect af arocp is repeated 


srom the @itch atthe . 
Byars a ‘fuser Sftacieney 

he aiftuser efficiency is rresentad as the ratio of exit 
total sresgure to ¢ rly teal rressurde Tle Pato coafines the 


erzy remaining in the ‘o@ after-being c4ffused Lo create the base jces- 
re and then reaccelerated out the rear yap. Thats data ds presented in 
rigs. md ig “or the Bease Gace and in ah fom the nlteh case. In the 
ve case *pe dil oaser @ffitlency ploveed agains’ the diffuser inlet 
ground clearance (ie ¥)/? Fle. lf) as well eg the ground clearance h/é 
Sip. 17). These duplicate plets demonstrate the dependence of the system 
Charasteristics on the diffuses Inlet ground clearence. Lt will be noted 
from the curves Gesertoing the heave case that vents ng Causes the curves 
to peak wore sharply cad also reverses the effect of droop, F/t, 4.00, 
efficiency decreases with incseas tng droop when vanted, while it tnereases 
with increasing droop when tmvented. ‘hore is no significant effect due to 


9 In the heave ease. 


The sexe does ret told true Sor ts pitch ecasc, Pig. %,, 
there an epprectable increase in ii “fuser effioticacy vith decressing 
@ fe shovn. Venting in the pitch cee results in en sppeeciatle cecresce 
in diffuser effi tency »* the hiches values of droup fcr 0 = 90°. The 
trend vith droop at 0 © o1° and 12° is not strongly defined. 


32d Flow Avatiovle for Forward Propulsion 

Tre fles areilable ‘o> ‘orvard propulsion is pruranted in 
Fig. 19 for the hetve caw, ai an Mc. 75 for the pitch cose. This 
data is procented a° the ratio <¢ ‘ne flow rate throvzh the calibrated 
| exit stp of the redel to the flu rite curn fed to model. Tose curves, 
in effect, coserite the divergen:e «1 the :articaler ccafigursticn °roa 
the ideslacod orlyireal ccncapt *:d design pots:. In this canccps adicnt 
prevsure was resu~wd to exist at the diffurer inlet, and conscqentily, no 
reverse or praping flcw cecurred. This raramveter has sivnificurtly dif- 
ferent charastcrictics tetween the heave and ritch caso. Freperly cer- 
hiring this factor with the diffuser efficiency factor defines the urx- 
iran hosizental integrated rropulcive thrust available to the diffuscr- 


plenes conecpt. 


3.2.1.4.5 stffucer Prossure Pisce 

Ino ciffuser rressure rise is proaented in Fig. 20 Lex the 
heave caso and in Fir. 26 for the pitch caso es the ratio of tha diffusar 
edt static pressure (base rressuro) to total supply proseure. ‘This 
paranoter completes the description of the flow systen. It will be noted 


thet these curves hrve the snme vensral characteristics as the diffucer 


efficiency curves. 


3.2.1.b.5 Hever Porforannce 

the hovering perforeance is presented in terns of the afr 
horsepover (et ses level stacird) rer unit serled gap area corrected 
to a constmt value cf diffuser erit static pressure (base pressure). 


This was obtained vw “ollovs: 


Micien 3 4)" 


This asta ie presented in Fig. 21 for the heave cee and in 


1% 


Fig. 27 for the ritch cre. As might he anticipated, there is a small 
‘lors in serf rnuce chargeanle to venting the aiffuser inlet. In the 

heave care the loes crargethle tc d-oop is much ‘ere severe. Intorestingly 
enc'wh, in the riteh case thera is crsentially no loss chargeable to droop. 
It will be noticed that with @ © 50° and ‘he difuser inlet vented, the 
ninivnuy power ccoure when h/? is such as to vive a diffuser inlet ground 
clewance evual to G/% However, aecrease of 9 ¢ 32° decreases the power 
further fer mirimm power, As O decreases to 61° h/’ tends to exceed 0/7, 


The minis power in the pitch cate decreases a3 a exceeds 5 


%W2e1.h.7 Rofect of Initial vet An-le on Diffuser Inlet Flow 

With 6 © 90° it was possible to achieve negligible reverse or 
pumping flow. At @ = 61° or 32°, it was not possible to achieve this sero 
secondary flow condition due to splitting of the jet when it strikes the 


prom plane. Bovewer, a 9° 90°, 51° or 32°, the ainine reversed or 
Puraiag ‘low ovcurred ab the wone reer gap setting (h., A.) This vas 
Lound to b= true wether the cLocucce inlet was vented er not. 


30202 Th: ceeDirensional (3-D) itoJe)_ Teste 

As mantioned 11 paragraph 3.2.1.2, the rucults of the iniiial 
2-D test series, which inc‘catcd saat a stable configuration sould be 
echicved by efproprlate geoastsic:] adjuctsents, cave srfficient encourazes 
mint to verrent construction cf ¢ swll J-dirensienal mciel of the ci’fucer 
Plenum concert ineerporatir.g tis gseetric chanzea evalted in the CoP 
tests. Thin model incorroratc’ a trapezoidal planform ‘o achinve anxina 
utilisaticn ° the availi»le free by-product propulsion, but precerved the 
mode] length to ech'eve affielent diffusion md mov2l spon for naxinus 
Poll ctwility. The planfora oan be essen in Figure &. ‘he charscteristic 
dimensicas cf the sodel are given in Fig. 9. 

successful free flicht toste with this modal conf'red the 
fintirzs of the 2-D teste. In the initia tests before tho diffuser inlet 
went wie inctailed this model stcwed staoility characteristics sosewhat 
similar to thore observed in ths initial 2-5 tents with a Moating ground 
toard. ‘The rivinol stability characteristics wd ths specific problem areas 
are dij eed in raravragh 2.2.1.2). Tne widition of diffuser inlot ventins 
to the rysten in combination with tho existing rorverd lip droop greatly 
inrroved tha stability. Fowever, in order to achieve rositive stabllity 
charrcicrictics in the 3D caso throvghout the operating regina, it was 
necessary to modify the raar gap fron the original sharp edged configura- 


#4on to ene 4nenenoratineg 9 trailing fin. The raeniting rear pen peometry 
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48 shown in Fig. 8. Fig. 9 shows a longitudinal ecotion through the 
nrtel. The corecmt and! fleations can be easily identified, The ‘lat, 
railing flap gave rtrenz positive ctahllity at the reer rap, which 
eliminated the uniensirebie couzling beiween the diffuser inlet and 
sharp «dyed rew yap. The reecntcait orifices at the sideerear were 
used to reclain a portics of ‘he eround clearance lest by neat? of the 
flnt, trailirg cur’ece (ict thickness equals ground clerrance (exit 
@28) in the cwe cf m orifices Lesed by such a flat, teallinz flap). 
Fiv. 2¢ shews a e*cics of rhotos of the £84 mdel pproac 
ing wid racing the viewer on 2 tether, moving et a velocity of approx 
inately 1h feet per cecorc. Ferward thrust force supplied as a free by- 
Proaust of the lift sysies is Jiscusacd in paragraph 3.20205. ine gross 
weight of the mecel at the tire of the tosts wan 13.2 pounds; the instale 
led horsepewer aprroximately 0.23; the cperating altitude arrroxisately 
Vf (38 cf b/d). No instability was noted in either roll er heaves 
Following the qualitative free flight tests, this node] was 
eompletcly evaluated in the static ‘hover) case. Comrlete ground plane 
rressure surveys were made cver 1 range of rear g1> ground clearances 
and awles of attack. The ‘low rate of air supplied to the rodel was 
Also determined. The cupply rressure im-ediately upstreen cf the primary 
jut nozzle was monitored closoly during the tests to inswzre thal its 
value rerrerented that which existed with the original rower plant 
installaticn. Pravious tests with the model power plant had indicated 
that en essentially flat fin characteristic existed in the model operate 


ing range. The test setup is shown in Figs. 10 and 11. The model is 


inverved bervath the plexiglas ground plane. 


3.2.2.1 Starie Terferzance (3-0) 


Tho grovid-plane pzcasures, aiung uith the air flocs rate 
wd supply pressure dats, have been reduced to give curves wich 
Gascrite the strife perforewico mi stabiliiy of the redel, The static 
rvforzvce rrasented af the air horsepower car vale U0t (srecifie 
horcunoatr) cute found in Fie. 29, plotte! qains$ @ ground clesre 
ance yastseter fosm quarter of the ratio of total esiled coripheral sap 
area to pl anform aren) or w affrutive , ration The cata in this plot 
13 Corrected te the derlyn pluforsa loading of 2.5 ye2, but not to soe 
3°04] ete,card ace titions. Sressepletted cx this figure ace lines of 
Coostaat reap gap mend clesrance (h)e # large increase 'n the srese 
{te horserewr occure at @ ziven value of the effective ground cleare 
ence Teraxeter when tre reer pip pround clearance incraaces fron, 1/4 to 
3/4 inch 5 @ 0°43 te C125). Tis is rarticulsrly neticeahle at 
wclec ef attack greater thu arrroxinately 0.60 ceprees. To explain 
this characteri:tic, roider tnat to achieve an incresare in rear gap at 
@ constant vaig of the effective »rcuad clearance farareter, il is nece 
cecury te waiicea the anwle of attack. This, in turn, increases the ; 
di*f:eop area ratio wi, einultaneously, tho diffuser included anvle. 
She intreare in area ratio tents to create a situation of overexpansion 
in the aiffucer. This eondition, plvs the increave in diffuser angle, 


reenlts in separation in the diffusor and understwdable losses. The 


desi value of th ground clesrarce carampter for thie medal 19 0.023 


the operating reer g.n clearance is arpraxinawdy oil:%y ad the cpere 


ating trin anqle of attack 18 epproassavely 0.75 degrente 


3.20202 PL¢sa Stehitity ‘ 
the pitch stsbality chers-ter.ctics in hover are presented 


la Pleo. HK. This cherectcrisicc is presented 8 @ nen-clacnsional pitche 
tug morent verare the wmazie of attack fur eash test, rear cup clesrance 
ef 1/?*, 1/y", W/h* ard 1/2*. Thess curves numtitatively currort the 
Comonatrated ritch otallity of the %D motel in fave flight. Comartson 
oP Ge carves will snow that thaca is no definable trued for the varia 
tion ef tris vole with Peas gap Cleasarce. Tha trim arle ranzcs batween 
aero and plus ore aeyree, Tnic lask cf correlation can be artributed to 
ea fasteners 1) date epread inbeorent in cetaining eitching ~orent 

fom rreceere its¢rthutio,, wid /2) goneral insenritivity cf trin vile 

o poap sw clearance, It ic he lieved that the lack cf ccrreiation be- 
tern the lopre of these ¢ rved (FZ) can be similarly explained. The 
eovce cf thie ritehirg mement 12 conventicnal, 1.0.) positivesrose vp, 


aren aout the certor -f yraviiy. 


Veveses deave ote lity (?-v) 

The heave ctv Lity of this avdel fe rresented {a Fig. 2 in 
fearrs Cf parerrtsd 14% asyddoe by resudrod Lift, or rodel gross weight, 
yoroys year rep clearance. This 'nrersaticn {a rresented for various test. 
anvlos cf attack. It is teen frenthis riot thet, tn reaeral, heave 
stability aviets at all vroud clearances aid at aries ef attack from 0° 
through 2.°6° with ane‘ral to regative etartlity ares below 4 rear enp 


eight of 1/" at an anvle of attack fa) eaual to 2.86 degrees. It’ is 
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It is believed Chat sddsrdonal cata ate + 2.09 degracs wood indicate 
tositive re we stahflity charartteristics om to eere Cap Clearance. 

Tee dae also ieeleates thas 12 a pitcheZowm seeurs below acro cegrce 
ele ef attect, @ less in cround Slessaace will rasylt. This characters 


s@is wee net chaspwed 4n the frae fifehe touts of the vodcl. 


JePecel = Taborent Integratad Prorairton (5-9) 

La thas statfo evaluation of the Pa} GY awlel it wae Pound 
GisPlerte ww spacure asuratels its inherens moalassed horas stal reastion 
ho free Syecsecuct promidetve thrust) cue > the anal] magnitude of this 
forec, Moosped values wre 2.091.5 pws, Gnis force may ta ea ieated fron 
*he ther ovewn seta, If it is acquncd that the alr escaring tisouch the 
Sica vies af the vehirle leaves at richt weles to the cide, ave’ that the 
Crpuse eowflsaient ts unity. 

sedoode aay 

Petveod. Nae 

bry ie ia the total rearward projected sewed ve of tha 

sice ant pear sero and Vie the velocity resulting froa 2 driving pressure 


T 
ecual, en ‘he avorape, to tha medel rlanfern loaiirg, V -: re cure 
Pp 


Stitutine this eaxereselon into the rrevious exrresuicn 


gives F 2/a. (1) 


% 


At the operating point tha estimated forward prepulsive thrust is ap- 
proximately 0.42 lb. Comparing this value to one of approximately 1.3 lb. - 


obtained from the tagte, {+ enn be surmaised thet the air escaping throush 


ie 243e vara devs te at an angle Walch is favorale Coe forward troe 
purslon, d.0., G9 unleh $s caasideradly more rearward than perrenticular 


“9 the GY aldee 


Jeroted Pegiietnacy Cveredager Fest 3-})) 


Ween commigtion ef the static evaluattlen ¢f the DP-3) G™, 


the eriginal power vlagt was reednstalied to yermit a quick, prel- 


aminary jasight dnte tha svepewagter characteristi¢s of this SEM concept. 
Figs 32 shown che e, in s&ile over-water operation. These initial 
Last ted t* at esere wan Unsutfictent power installea for the 


vehfele w acerlerate fuself beyond hump sreed, When the model was 


accelerated above humr speed ty means Of a self-releasing "tow-line", 
i # we e ing Co ne Cha arte "rated grees! { rv adequate . rause the . 
eee) fe everlane She Sow ding (resuleing in release) md to continue in 


“claniiw® oréeation. 2¢ 45 £0 ba exrhasized that stable oreration re- 


ei ltedg tech aelow int ove mume speed. 


w wbs 


Seca tee Voves Parformance Comrasison (3- 

oe -—--—s eam <-em em Dll SE 

Sine 23 (gindlar to Fir. 2) shows 2 Comrarison of the 
Siefial rrecisted rerforvance "or the uifCucer-plenum concept with 


roreformante data for the etahilised Je) model. The t=.) data point re- 


rreeceats the operating foint «f the ~avel. For Clarity, this data is 
scaled ta and plotted at a planfcra loading of 100 psf, I* will be 
noted that ¢onsimerasle waetanca is indicated. This ean be attributed ' 
to several cautesy mode} sctle, td dimensilonal flow ‘n the ciffuser, 
and the stability fires. Peal, hevever, that this plot does not 
6 


(rslimte the pegforeance Sepefsaes escmved Sean the Pfree® horisontal 
trrepussive theust. a5 aicttdenald btan of explanation defining the alr 
horsepowe? raraeeter orsinagta In erat it ie related to tetal sealed 


cepisheral sar ereq in square Poet, 


ede! 

Sonsfidesadle effert was exterded Lo decepibo athena ical- 
ly t! [72 and charactoriatics ef @ tealging Siap applied to the exit 
ap of the dif fser-plenum concept. The aralests wat sad@ assuming 

yrvation of eass and erersgy, Cno-3iee Qa, ipviscid, in-emeressible 

Slow with "3, urd conaidertng one Pout of aude Slat width. Two gen- 
3 jes wore mined: Chat of a straight ‘lap, md what of an ellip- 
’ al “lan. 
os 3eu traight Flay 

The results of Me straight Slap analysis, derived in Appene 
in T are® shown im Fiz. 34. This Slgure daftr the Life coefficient for 


variations of the tsailing fiap sloge, charatterized by dimension h, as a 
unction of (he yround elearance he. Purther aalysis of the straight flap 

aracteristics equation, from whieh Pige 4, was denen, was sale to deters 
tine the losimn senfiguraticn. This is the eanfivuration stich would give 


rf 


. * 
the maximum fate of change of Yift with variations ¢m ground clearance, my 


wee nee tastes aD © -98 Ow 2 


as a Zunctlon of that ground Slearance and tha flan sloge. This was 
accomplished ky the simultaneous solution of the gartdal der! vatives, 
with respec ‘a % and» of the straight Slap yctalden set equal to 0, 


This analysis ladisated that gisension § snould equal the ground cleare 


uncg is in ordes to achteve this santmum m. At this cend!sdon, @ was 
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found bo etual minus one quartes of the reciprocal of the ground ¢leare 
ance, The luc * the points of the saxiaus a hown in Ply. 3, and 
ws qt a corstant value of the nonedtiae- aliaed 24ft coefficient 
gal or 
Although t2 aractasistics equation for the straight Siap 

wt fs anely i that che aiove seetsone?d jocus eeuld be cecepe 
eieed entyroty from wathematieal eonsicerations, a srarhieal rresentation 
of this 1 is tiven in Flr. 35 to ald in the uncerstanding cf the sole 


ation. From Fire 35 the eolationshie of h gad at the points of waximm 
Midve orcdly setoreined and is ceesented in Firs M%. The relationship 
thus setesmined was Shat & should esual & to athteve this maxirua value 


26 
nom, which 4s etal to =. Thus, for ay acsired operating ground cleare 


ance, tho tena: flap cimeagions ana the patasofecbangacof-lift with h can 


Piter affects on the vtrateht Plaga weve investivates, as 
teoscethed in formasix 1. The sat offesg of pitching on the operation cf 
ar initially staeie system is ene of etabtlicatton. tn evesination of the 
esuation (30a) tn Aprendis Tard he ascompanyins sketch siews ‘hat pitch 
ehanges exee a chaqre in the flap slopa, effvetively regresented by b | 


AD ; 
(wp te atcut 1S}. A ange up er rorstive piteh scoduses an inorease in 


ow 
cd r) e 


Sy a nose dow ce negative phuch peeduces a decrease an be welerence 
to Fig. 24 shows that av fInerease bn b Increases the t4ft duc to the 
flap, while a detriace {nb has an Opposite affeot. Beth these effeets 


Sos tO return the complete syster to the earddinctus attitude, 


detected Sitiptieal Fla 

the results of the elisretaal fiap walreds, copived In 
tne aptencia, ere cacwn bm Pog. 97, umtch ceecribes the 240% coolfictent 
Pog varteus wosenteicii fee ae @ Sunettion cf ground cleasarce b, Since 
the etlireical Plas characterisefas equation, fan which Fig. 37 was 
tram, was of @ compley vqture, he sntormiration of the configuration 
Pos maxinun © yy cpadnary watnosatical scant -reved to be Peyond the 
erere Af tho style, The resulting exrresstane arc eram fn appendix l. 
TOMIEOMONEY, 20 Pas Moceseary to revert to de ssaphical eetncd dese 
wihec rravieushy Oop the stre'oht flee She cure of Hix. J shew the 
relationchir tetweon hy o, ard m. Tho orve threogh the saxivar points 
cf tha sc pya: of Fig.  seresiter tha maxim rate of 14ft change with 
port clearance, Frem the analysis of Fig. %% this raximm rate of lift 
charge at foun: te eval e nee . ahic carve has been erces plotted 
in Five %. Fit gs Meow, be wocttered a “iecion" relationahlp, Lees, 
fue a rpcet "ied teatin preund clearance > the curve crectftes the value 
of > which wil) cause maxim m te octur at the decipyn ground ciearante. 

: Te can be seca that for b values preator than 0.50 the curve of bh 144 

funetion of b $s essentially a straight line. Yelow 0.60 the relations 
ship betvcon bh and b, as determined from the curve of Fig. 3%, ceviates 


at an increasing rate from that wiich wenld caticfy the enme Mmit as the 


éSratzht fSap case, doe., pass through the origine Jt ts apparent that 
sf Doth cases, straight and elliptioal, “he solution should become 
equivalent as & appRpcaches cere, 

Pitch effects on the crliptic flap were also investigated, 
as described in Arpencix 1, de in the case of the straight flap, the 
ret effect of ritehirg on an Und lally stable system is one of stabile 
fzatien., Sxamination of @eouation (1:3), Annendix 1, enows that small 
siten changes aficctivesy Cause @ change tn ‘he eccenteicity ratio of 
the ellipse, characterized hy dimension >. Reference °a Fig. 37 shows 
*Pab an inerease in b inesgases the lift coefficlent, while a decrease 
in ® has an oprosste effeet. Yoth these effects tend to return the com- 
plete system te the equisibeiua attitude, 

A brief tavastigation revenled that there are at Jeast two 
ther methocs of Integeating equation (35), aAnrendix 2, tet the limita- 
*tors of this rrogean dtd not allow an oxteansive stuty cf the results 
sc obtained. Curcory examination, however, inticated thas the ealiptic 
Plan sharattorietds curves chéeined rom these other sesutions would be 
identical to thtse obtained by the solution derived in the Appendix, 
ersation (49), for valucs of b greater than arrrozimately 0.50 even 
thouch the basi¢ expressions differed 

It should be potnted out that for both the straight and 
elliptical flaps the characteristic equations ana their derivatives with 
respect to h Cease to have meaning af h = 0 and b> = 0, at least In their 
presented formae Ab tais point the expressions become funetisns of 
indeterminate fatios. ‘ihe values of the expréssions eould possibly be 
found for h and b ® 0 Ly application of L'Hépital's rule, but this step 


again was beyond the scope of this frogram, 
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Mrruserfeelecalation Concept 


She 2-9 diffusersreeieculation model de shawn in Pigs. 6 and 
7. Thats node’ consisted of a Uhazetric slice cf the concept configuration 
With a reduses (shortened 18 2-D) base area. The ourpose of this model was 
ta evaluate the coun) ing between the crrosing diffusers, to determine the 
anoune ef ankceuy alp penutred asd alng *ha offect of excess ar on the 
weasiliay of the svstem, [2 was not rossible to carry this study as far 
at head deem intended ene to tine Miaitations, and conses ently, only 


Vesbltative obgerva'ioms are availabje, 
s% was noted that "excess excle air" tended to imrrove the s‘ab- 
ity of the system, we chat unstable eoupling did exist between the op- 
sosed aifiuses inlet. Sufldetent time did not exist to evaluate the veo- 
metrical varisnles hat were successful in the diffuser-nlenum case to 
ietersine thelr affeet on courlinge I¢ would be exrected that these same 
ef aghaltey comporente would have sinilas reasits in this case. 
The data tresented fer the diffuser-pienum concept pitch case 
Rice CS Mpeah 27) eon de arcrepeiqtoly corrected and anrlied ¢o the 


fF sepererip= tation screant, c'nce the Savie ndge seals are fsertteal. 


tefercnee te Piy, sah ieh presents the Sow available for recireulation, 


wiscates Mat waren ‘ep oxecss cele aiss ds retired, ant also ‘mat this 
w 

rejuimerent, the eakecup ale fraction (3 + <<), increanes oly slightly with 
W 


ro 


decrnarine @. She Platrecs of he Curve intécates that this retudrenment is 
ersonttaaly constant. This doaurented reed for make-up air suprorts the 


Qualitative chcervaion that “excess Gvele air" improved system stability. 


It 49 Gelieve? thes ihe eidacies of Unis Mer to ihe cyole wlll not afiest 
tha walicity of? Sw other parassters, since this addition ovcura 6k 
tacand wo che te sad, Conssriarntly, all the pitch %as0 data ts are 
rlicwle as prascated. Caly the hovering performance seed be alified, 


Qha fo'Seving sauction corrects this narvretare 


hd ° | "ig h 7 é 

+o ase ete r) c *@ € 
ome =e s .-o i e ) (} e yr) 4 (2 e =) 
‘z | os ne 1 | L-F ie “ts ¥, 


Pose the tem (2 eee) sorrects tho seales war wea, the tora 
A a) 


Ae 
cle =), wich °s wfiret oy Bre ogc prects for the mpess we 
¢@ 


e 
a 
e 
Sock oF the swetes, as the term (2 @ rey corsests Pr Me mise tir 


cen deed. Forthore seprost4er moct be wate Oop saeff, censtes cf the 


re?..ra d.ct Srayre 


28 


OE EE 


4.2 Elezle goose trical redisisations to the original concepte 
wore devised to oversoze the inkercat dnetabidities, These inst die 
ities reanltsd fron a strong dectab izing Perce at the diffuser inlet 
dus to Besaunalt effect ubtth occucre? wien the diffaser inlet ground 
Clesrance deseeseed below the dasion value, The ecemetrical acatficas 
tienes revulred to ecverccre tie cerewhilising force conervated of renting 
the ciffuser inlet to ateccrherts premspe, extending the farward ip 
ralow the aiffcece inlet, em ertentirg ‘he reiuary jet outlet to srovide 


a rotitive fet scoirihution te the etariiity of che svete, 


ieee Zu atifeve peaitive ety .lity characteristics fer the cif 
*serepianan Yer wocel, i¢ was rececsary to moctfy the rear evit seometry 

te incerperate a trpalilry surface, This sification recrides a positive 
etviiite contsimtion at that locator, wt elirinates the unteetrabhle 
ceurlirg which previcusly cecurred tatwoen the nectrally etable, sharp-edged 
“AL poometry and the aiffiser iniet. Hathomatical analyses of this exit 


vecmmtry vere midc to war its avar‘lity charseteristics. 


ua The moraitute of tne inherent integratec rropalsicn in *he 
52D diffuserplenum rodel was feund to be on the crder of twhee that 
rregieted ty the rrevicue rerformance estimates. This increase cain te ate 
tributed reinwily to the ercaring jet leaving the vehisile at an angle 
nore favorable to rronulaion than had bean orfiinally arsumed. Also, in 
the original performance estimate, no atcounting was nade fer the rear 


ward component of the residual velocity evisting in the bass area. 


het Gn the vais of the werk completed, the POlar diffuser 
Pec irsulacton concept warrants Acse eatenstve dovestigeiioa than was 
possible within the gece of this preceat. future research should 
Se8lude mose detailed savestivations on whe offess of exsasa Ur on 


courliag between Sie eproostng diffuses inlets, 
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FIQULE 6: DIFFUSER AEGROULATION THO-DDENSIV' AL MODEL. 
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FIGURE 28: THS DP-3 CEM THREE~DIMENSIONAL MODEL IN OPERATION ON TETHER 
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STATIC PERFORMANCE OF 3-d DIFFUSER PLENUM MODEL 
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